Introduction
Forensic DNA evaluation is a powerful tool for human identification in criminal investigations and parentage analyses (1) . Sometimes a degraded or compromised DNA sample is available for evaluation, which often results in dropout of the larger molecular weight loci, therefore producing an incomplete profile. Many forensic testing labs hesitate to issue conclusive reports in the case of absence of data of even a single one of 13-17 loci used for analysis. In this scenario, in addition to customary STR markers, other highly polymorphic STR markers may be useful to produce conclusive reports for such criminal or parental investigations without compromising the power of discrimination and power of exclusion. New polymorphic STR markers are therefore needed to be validated in different populations and regions. This study is an effort to augment forensic evaluation systems, especially in Pakistan and in Asia at large. This population study is important as Pakistan is a hub of different ethnic groups and shares diverged ancestors. The Pakistani population is an admixture of Central/South Asian and European, East Asian, Greek, and Caucasian ancestry.
SE33 or the human beta-actin related pseudogene (HUMACTBP2) locus has been considered a highly discriminating locus due to its high mutation rate, ensuing in multiple length variants. It is a complex STR marker comprising a basic AAAG motif with high power of discrimination in forensic DNA analysis. The degree of concordance of STR alleles among commercial kits is very important when comparing and analyzing STR profiles. Due to high variability definite concordance is difficult to obtain when different primer pairs are employed (2) . SE33 has been reported for hypervariability and high power of individualization in some populations, becoming a useful forensic tool in paternity testing and human identification (3) (4) (5) (6) . The SE33 locus has been added to the new European standard set of STR loci used in forensic evaluation systems (7) . In the present study, the SE33 locus has been genotyped in four major subpopulations of Pakistan. This study demonstrates the viability of the use of the SE33 locus as a potential forensic STR marker to supplement the forensic evaluation system in Pakistan and neighboring Asian populations.
Materials and methods

Sample collection and DNA extraction
This project was based on population genetics and was approved by the institutional ethics committee. Pakistan is a federation of four provinces accommodating four main subpopulations: Punjabi, Sindhi, Balochi, and Pakhtun. After obtaining informed consent, a total of 204 blood/saliva samples were collected: 56 from the Punjabi population, 50 from the Balochi population, 45 from the Sindhi population, and 53 from the Pakhtun population. DNA from blood/saliva samples was extracted using the DNA IQ System (Promega, Madison, WI, USA). DNA was quantified by spectrophotometric analysis.
PCR amplification and genotyping of SE33 locus
Amplification of the SE33 locus was performed using the PowerPlex ES Monoplex System SE33 (Promega) kit with a GeneAmp 9600 Thermal Cycler (PE Applied Biosystems, Foster City, CA, USA) following the manufacturer's instructions. Amplicons were subjected to capillary electrophoresis using an ABI PRISM 3130 Genetic Analyzer (Applied Biosystems) and genotypes were assigned using GeneMapper ID Software (Applied Biosystems). Alleles were assigned according to the allelic ladder of the SE33 locus.
Statistical analysis
Statistical analyses were performed using PowerStats (Promega) and GenePop (8) software. Allele frequencies, heterozygosity, power of discrimination, power of exclusion, and Hardy-Weinberg equilibrium (HWE) were estimated.
Results
Genotyping of the SE33 locus revealed a total of 43 alleles including 3 novel alleles in the study population. Allele frequencies, shown in the Figure, revealed that 19 was the most frequent allele, while 13 different alleles, including three novel alleles, 19.1, 20.1, and 22.1, were found infrequently. Statistical analysis revealed the SE33 locus as a reliable marker in the study population. Values of different forensic and genetic parameters of the SE33 locus in the Pakistani population are shown in Table 1 . Values of power of discrimination, power of exclusion, and polymorphism information content were 0.991, 0.769, and 0.95, respectively. Power of discrimination, power of exclusion, and heterozygosity values of the SE33 locus in our population are comparable with different world populations as shown in Table 2 . Baltistan and Kashmir). The country has a warmer climate during most parts of the year (9) . This region has ancient multicultural history from the Neolithic to the Bronze Age Indus Valley Civilization and remained under occupation of rulers of different cultures and faiths, including Hindus, Indo-Greeks, Muslims, Turco-Mongols, Afghans, and Sikhs. Pakistan is bordered by India in the east, China in the northeast, Afghanistan in the west, and Iran in the southwest while in the north it is separated by a narrow strip of Afghanistan from Tajikistan. It also has a marine border with Oman (http://www.pbs.gov.pk). The Pakistani population has several ethnic groups, generally based on provincial boundaries, i.e. Punjabi, Sindhi, Balochi, and Pakhtun. These subpopulations have strong relations and historical ties with their respective bordering countries. The Punjabi population shares a lineage with the Indian Punjab and has a mixed ancestry of different ethnic groups, as most of the invaders of the Indian subcontinent traveled through Punjab, mixing with inhabitants (10) . The Balochi population shows ancestry of an Aleppo population that migrated via Iran into Pakistan. The lineage history of the ancient Sindhi population shows links with Greeks and Hindus. Later on, some other ethnic groups mixed due to the settlement of Arabs, Turks, and Persians after the arrival of Islam in this area. The Pakhtun population residing in Khyber Pakhtunkhwa shares ancestry, ethnicity, and geography with the Afghan population.
Discussion
The values of power of discrimination, power of exclusion, and heterozygosity for the SE33 locus have revealed this locus as a significant and valuable marker for forensic DNA analysis. The SE33 locus has also been studied in many European (German, Portuguese, Polish, and Hungarian), some Asian (Turk, Chinese Han, and Japanese), African (Moroccan), and American (Colombian) populations and has been found to be pertinent for forensic use. Power of discrimination for the SE33 locus in the Pakistani population is higher than other loci already studied in this population (11, 12) . Similarly, the power of exclusion and heterozygosity for the SE33 locus are also observed to be higher than those of the other loci being used in forensic investigation in Pakistan. High values of discrimination power, exclusion power, and heterozygosity for the SE33 locus may be helpful in forensic DNA analysis systems of Pakistan and neighboring countries. The use of the SE33 locus is also Higher values of power of discrimination, power of exclusion, and heterozygosity of the SE33 locus and a smaller value of matching probability show the substantial potential of SE33 to be added to forensic investigation systems in Pakistan and neighboring populations. Addition of the SE33 locus in forensic DNA analysis systems can provide additional information of different forensic parameters to compensate incomplete profiles generated due to an inadequate quantity of DNA in degraded evidence samples. This additional information may help to produce conclusive reports in those cases where a report is inconclusive due to deficiency of data of one or two loci. Therefore, SE33 can be designated as an imperative marker to aid forensic investigation systems in Pakistan and neighboring ancestor-sharing populations in Iran, Central Asia, the Middle East, India, and Turkey.
